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Report No. 8926-066

Materials - Finishes and Coatings - Acrylic Paints

Laboratory and Service Evaluations

Abstract

The Mil-E-7729 enamel paint system used on the F-106 airplane vas criti-
cized as (1) slow drying, (2) a three coat system, (3) limited temperature
resistance of about 275"F, and (4) limited weather and oil resistance in
comparison with some other finishes. The advantages claimed for acrylic
paint systems, and confirmed by tests, are (1) faster drying comparable
to nitro-cellulose lacquers, (2) excellent corrosion protection afforded
with a two coat system (3) color change absent up to 00%F, (4) superior
weathering resistance, and (5) superior resistance to Mil-L-7808 and di-
ester lubricants. The disadvantages cited for acrylic paint systems are
1l) 15 to 20 per cent less gloss than enamel, (2) softening above 2007F,
3) flow at 3650F and 13-1/2 psi dynamic pressure, (4) greater brittleness

than enamel. A seven months service evaluation on a flight test airplneW
revealed the acrylic finish capable of (1) retaining original gloss and
(2) resisting di-ester lubricating oil and hydrocarbon fuels. The acrylic
paint system, however, exhibited severe crazing and cracking during service
evaluation.

References: 1. tappus, L. A., George, J. C., Keller, E. I.,
"Acrylic Paint System, Evaluation of," General
Dynamics/Convair Report MP 57-934, San Diego,
California, 24 April 1058. (Reference attached).

2. Mappus, L. A., George, J. C., Keller, E. E.,
"Acrylic Paint System; Evaluation of," General
Dynamics/Convair Report MP 57-934.1, San Diego,
California, 12 February 1959. (Reference attached).
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TH 57-934

ACRYLIC PAINT SYSTEM -

EVALUATION OF

The enamel system now specified for the exterior finish on the Model 8
has the following shortcomings: (a) It is slow drying; (b) It is a three coat
system; (c) Temperature resistance is limited to approximately 27507; (d) Weather
resistance and oil resistance are not as good as some other finishes.

Several of the manufacturers' representatives had proposed to us the use
of an acrylic finish system in place of the conventional MIL-E-7729 alkyd enamel
system to overcome these shortcomings. Therefore, this program was initiated to
evaluate several proprietary acrylic systems against the performance requirements
of the MIL-E-7729 specification. Provided these results were satisfactory, a second
objective of this program would be the actual painting of a F-102 or F-106 aircraft
and service evaluation of the finish system.

Object:

1. To compare the performance of several proprietary acrylic finishes
with the performance of the MIL-E-7729 enamel system.

2. To select the outstanding acrylic system for further evaluation if
performance advantages exist.

3. To apply the best acrylic system to an aircraft for actual service
evaluation if performance advantages exist.

Conclusions:

1. Comparison of the acrylics, as a group, to the MIL-E-7729A enamel
system is as follows:

(a) Advantages -

(1) Acrylics are much faster drying - drying characteristics
similar to a lacquer system.

(2) They can be used as a two-coat system and still offer
excellent corrosion protection.

(3) The acrylics do not change color at temperatures up to

4000F.

(4) They have superior resistance to weathering.

(5) The acrylics have superior resistance to MIL-L-7808
di-ester lubricant.
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(b) Disadvantages -

(1) The acrylics have from 15 to 50% less initial gloss than
the enamel.

(2) Acrylics are thermoplastic and soften above 200'F. At a
temperature of 365 0 F and with a dynamic pressure of 13-1/2
psi, all of the acrylic submittals tended to flow.

(3) The acrylics are more brittle than the enamel.

2. The acrylic system that performed best under overall testing was the
Sherwin Williams special wash prime, P4OGCI, plus the Sherwin Williams acrylic top
coat, M49AC1O. This system weighs approximately two thirds as much as the presently
used MIL-E-7729A system (Ref. Table II). There is no critical recoat time on the
special wash primer, P4OGCI, so it could be used for a shop coat.

3. The Sherwin Williams acrylic system will be applied to a F-106, ship
no. 456, in the Experimental Factory at Convair, San Diego. An addendum report,
57-934-1, will be issued after service evaluation.

Test Specimens and Procedures:

A. Test Specimens-

The base material and surface treatment for each of the various tests
is shovl in Table I.

In addition to the MIL-E-7729A finish system, which was tested as the
control, five proprietary acrylic top coats over their recommended
prime systems were tested. These systems are shown in Table II.

B. Test Procedures -

1. Control: A control specimen was retained for each finish system.
These specimens were not subjected to any expbsures and were used to
make visual comparisons after testing.

2. Hot Air Impingement: Specimens were exposed to a pre-heated air
blast at the following temperatures: 260'F, 365'F, and 425°F.
Exposure at each temperature was for 5 minutes or until a change was
noticed and the dynamic pres-sx= was held constant at 13-1/2 psi.
The angle of impingement of the hot air on the specimen was 150.

,op. -,a..A
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3. 9 lfication Tests: The following tests were run in accordance with

the methods as given in Snecification MII-E-7729A.

Test Method

Condition in container Paragraph 4.5.1.4
Brushing propertiea Paragraph 4.5.1.4.6
Spraying properties Paragraph 4.5.1.4
Skinning Paragraph 4.5.1.4
Baking properties Paragraph 4.5.1.4.7
Drying time Paragraph 4.5.1.4.8
Flexibility Paragraph 4.5.1.4.9
Primer absorption Paragraph 3.5.10.5
Lifting properties Paragraph 4.5.1.4.10
Tape test Paragraph 4.5.1.4.11
Anchorage Paragraph 4.5.1.4.12
Water resistance Paragraph 4.5.1.4.13
Hydrocarbon resistance Paragraph 4.5.1.4.14
Resistance to loss of gloss Paragraph 4.5.1.4.15
Di-ester oil resistance Paragraph 4.5.1.4.16
Humidity resistance Paragraph 4.5.1.4.17
Weather resistance Paragraph 3.5.11.6

4. Salt Spray Exposure: Bi-metallic panels were exposed in the salt
spray cabinet in accordance with Specification QQ-M-151A, Amendment 3,
for 336 hours.

Discussion of Procedures:

Hot Air Impingement - This test was used to simulate aerodynamic heating
conditions of the Model 8 in flight. According to the Thermodynamics Group, the
following temperature conditions are encountered:

Model Temperature on Leading Edge Temp. on Majority of
F-_0 . Fuselage

F-102 20OOF 160OF

F-106 260OF 216°F
F-106C 425`F 3650F

The acrylics are thermoplastic type materials and the object of the hot
air impingement test was to determine if they would flow at the above temperatures
under a dynamic pressure of 13-1/2 psi.

These tests were run on equipment designed and operated by Thermodynamics
Laboratory personnel at the Convair Ramp Facility.
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Specification Tests - If the acrylics performed as well as the
MIL-E-779A enamel, then there should be no objection, engineering-wise, to sub-
stituting an acrylic system for the present enamel system. Therefore, the acrylic
submittals were subjected to the applicable performance requirements of Specifica-
tion MIL-E-7729A.

To simulate particular conditions of use at Convair, the following excep-
tions were made to the MIL-E-7729A specification procedures: (a) Bare aluminum
alloy panels were used instead of clad; (b) Alodine 600 surface treatment was used
instead of anodize; (c) Where primed panels were called for, the MIL-E-7729 enamel
was applied over MIL-C-8514 wash coating plus MIL-P-8585 zinc-chromate primer. The
acrylics were applied over the prime system recommended by the manufacturer and
specified in Table iI.

Salt Spray Exposure - To compare the corrosion resistance properties of
the MIL-E7-72 f'a-I s-stem vs the acrylic systems, it was decided to use bi-
metallic couplings in the salt spray cabinet.

Magnesium panel and aluminum clip components of the bi-metallic specimens
were coated with the appropriate prime systems prior to assembly. After assembly,
the rivets were touched up with the prime system prior to application of the finish
coat.

Results and Discussion:

Hot Air Impingement Test - Results of this test are shown in Table III.
It appears that, from the standpoint of flowing under heat and pressure, the acrylics
would be satisfactory for use where the temperature of the skin did not exceed 260'F
and the dynamic pressure was 13-1/2 psi or less. In the case of the Model 8 they
would be satisfactory on theF-102, F-106A, and F-106B. A temperature of 365 F
seems to be just above the border line for the Rinshed Mason and Sherwin Williams
acrylic systems. With a slight formula modification, these finishes could probably
be made to perform satisfactory at this temperature.

Specification Tests - The performance of each acrylic system compared to
the control1 'R1E--7729T enfamel, is shown in Table IV.

Relative to the MIL-E-7729A enamel, the acrylics as a group rated as
follows:

Sugir .•f Infer1or

Skinning Condition in container Brushing properties
Baking properties Spraying properties Flexibility
Drying time Primer absorption Anchorage
Tape test Lifting
Loss of gloss Water Resistance
Di-ester oil resistance Hydrocarbon Resistance

Humidity Resistance

~)Ph $r
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Poorer brushing properties are to be expected since these are lacquer-
type finishes that dry by solvent evaporation. Since application will be by the
spray method, this shortcoming is not important.

The flexibility and anchorage tests -flected the inherent brittleness of
the acrylics. Whether or not they are too brittle for practical use can only be
determined by service evaluation.

Weights per square foot that are shown in Table II were determined by
weighing the weather resistance panels before and after the application and curing
of each coat.

The weather resistance tests are still in progress; however, most of the
manufacturers have data from independent test laboratories in Florida showing the
acrylics to be far superior to MIL-E-7729A enamel with respect to weathering.

Salt Snrav Tes& - As a group, the acrylics offered better corrosion pro-
tection than the MIL-E-7729A enamel on the Bi-metallic specimens. The specimens
coated with the Sherwin Williams acrylic system showed only slight corrosion after
two weeks in the salt spray cabinet whereas the specimens coated with the MIL-E-
7729A enamel system were severely corroded after one week of exposure. A photo-
graph of the specimens after exposure is shown in Figure 1.

NOTE: The test data from which this report was prepared are recorded in Engineer-
ing Test Laboratories Data Book #3004.
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Five different acrylic finish systems were evaluated against Mil-E-7729A,
Type I, alkyd enamel. Results of this evaluation were reported in Report
No. 57-934. The acrylic system that performed the best was the Sherwin
Williams P4OCl special wash prime topcoated with Sherwin Williams
M49AC1O gray acrylic. This addendum report covers the application and
evaluation of the Sherwin Williams system on the F-l06A aircraft. Results
of a long term exterior exposure test are also reported.

1. To report results of a service evaluation made on the Sherwin Williams
acrylie finish system.

2. To report the results of exterior exposure tests of the Sherwin Williams
M49AC10 acrylic system vs. the Ydl-E-7729A, Type I, enamel system.

1. Examination of the acrylic finish system on a F-106A after seven
months of flight testing revealed the following:

a) Slight to severe cracking of the acrylic paint film was observed
on the underside of the fuselage from the main landing gear aft.

b) The finish retained its' original gloss.

c) Diester lube oil and hydrocarbons did not affect the finish.

d) There was no noticeable difference in the performance of the
acrylic when applied over the P40GC1 special wash prime as com-
pared to the acrylic applied over Mil-P-7962 zinc chromate primer.

2. After ten months of exterior exposure, the Sherwin Williams M49AC1O
gray acrylic showed no loss of gloss. The Mil-E-7729A, Type I, gray
enamel showed a 60% loss of gloss during the same period.

RECOMDATIONS:

Difficulty was experienced in applying the Sherwin Williams M49AC1O
acrylic finish in the Palndale paint shop (Reference Palmdale trip report
from W. J. Knox to J. W. Woodhouse, dated 20 November, 1958). Due to this
and the fact that the acrylic showed considerable cracking on a F-106A
after 7 months of flight testing at Edwards Air Force Base, it is recom-
mended that no effort be made at this time to change the finish system
of the Model 8 from Mil-E-7729 enamel to acrylic.

P0MM ltl•,
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RECORIENDATIONS, (Continued)

The exceptional weathering durability and the fast drying properties of
the acrylicsstill make them promising for use in the aircraft industry.
Most of the major paint manufacturers are continuing to develop the
acrylics. When these manufacturers overcome the disadvantage of brit-
tleness, this type of finish should be given further consideration for
use on military and commercial aircraft.

1. Application

On 10 April 1958, F-106A aircraft No. 60456 was painted in the
Experimental Factory with the Sherwin Williams acrylic system.
This ship had been painted with Mil-C-8514 wash prime and Ail-
P-8585 zinc chromate prime prior to arrival in the Experimental
Factory. This condition was representative of what would be
enceuntered in production during a changeover from the present
finish system. Where it was necessary to apply the Sherwin
Williams acrylic over the aged Mil-P-8585, the following pro-
cedure was used:

a) A light coat of Mil-C-851/4 wash prime was applied over the
Mil-P-8585.

b) A cross coat of Mil-P-7962 lacquer type zinc chre~ate prime
was applied over the Mii-C-8514.

c) The Sherwin Williams M49AC10 gray acrylic, thinned 1 part
M49AC1O to 2 parts of R7K0235 thinner, was aplied over the
Mil-P-7962.

Several ureas on the fuselage were stripped down to the bare metal
and prime, with the Sherwin Williams P4OGCI wash primer, mixed per
the manufacturers instructions, and top coated with the M49AC10
acrylic. One of these areas was the detachable tail cone, which
was cleaned and sprayed by Engineering Test Laboratory personnel
under the direction of the Sherwin Williams Sales Representative,
Mr. Howard Hinig.

With the exception of the tail cone, all painting was done by
Experimental Factory personnel. A Test Engineer was present dur-
ing the application to assure compliance with applicable Manufactur-
ing Process Specifications and iendor's instructions.

FrORM lSI S-A
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: (Continued)

'Diagrams of the finish schedule applied to ship no. 50456 are
vueww in Figures 1 and 2.

Ship no. 60456 left San Diego for Elwards Air Force Base on
26 May 1958. The acrylic finish was evaluated when it returned to
San Diego on 10 December 1958 for an antenna modification. During
the seven months at Edwards Air Force Base, this ship underwent 30
test flights. The top speed reached during these flights was Mash
1.5. Szoept for the time it was out on test flights the plane wa'e
in the hangar at Edwards Air Force Base.

3. Weather Resistance

On 20 February 1958, test panels of the Mil-E-7729A. Type I, gray
enamel system and of the Sherwin Williams acrylic system were exposed
at 450 angle facing south on the roof of Building 51, Convair, Sal
Dieget Final evaluation of these panels was nude on 20 December
1958 after 10 months of exterior exposure. Sixty degree gloss
measurements befere and after exposure were taken with a Photovolt
Photoelectric Reflection Meter, Model 66OA. Polished black carrara
glass was used as a working standard. The instrument was set to
read 96 for the black glass, which represents specular reflection
in terms of a perfect mirror at 1000.

RESULTS AND DISCUSSION:

1. A4plieaiin

Application of the acrylic finisb on ship no. 60456 in the Experimental
Factory presented no problems. The material handled like nitrocel-
lulose laoquer. However, the M49AC10 acrylic gray could not be satis-
factorily applied in thi production paint shop at Palmdale due to the
unusually strong drafts from the ventilators. These drafts caused dry
spray and inadequate flow out.

2. Serviae Test

The overall appearance of the acrilic finish on ship no. 60456 was
good when it returned to San Diego after 7 months of flight testing.
Gloss retention of the fin4sh was excellent. It did not appear to be
affected by either the hot di-ester'lube oil from the engine bleed
ducts or the hydrocarbon fuels. No defects were noticed on the upper
surfaces of the fuselage. On the underside of the fuselage, from the
main landing gear aft, there were small cracks which appeared to become
more severe toward the aft end of the ship.

FORMl ilI.-•
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RESULTS AND DISCUSSION: (Continued)

Photographs of typical cracks found in the paint film are shown in
Figures 2 and 3. The photographs represent a magnification of approxi-
mately 3X. The cracks may have been caused by heat or by vibrations
in the skin. The detachable tail cone, which was painted over bare
metal with the P40GCl special wash prime and the M49AC10 acrylic top
coat, showed severe cracking in the film. After evaluation, half of
this cons was stripped and painted with the Mil-E-7729A enamel system.
The other half was recoated with the acrylic., There were no signs of
lifting or other defects when the acrylic was recoated. After further
test flying at Edwards Air Force Base, a direct comparison between the
enamel and the acrylic will be made.

3. Weather Resistance

The 600 gloss of the Mil-E-7729A, Type I, gray enamel went from an
initial reading of 94 to a final reading of 37 after ten months ex-
terior exposure. The original gloss of 79 for the acrylic did not
change during the ten month exposure.

NOTE: The test data from which this report was prepared are recorded in
Engineering Test Laboratories Data Book No. 3004.
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